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(57) ABSTRACT

An optical pickup device includes an objective lens (2), with
anumerical aperture (NA) being not less than 1, having a solid
immersion lens (1) which 1s made up by a spherical portion
(1a) and a flat portion (1) parallel to a surface (101a) of an
optical disc (101). The component of the reflected light from
the optical disc 1n the polarized state perpendicular to the
polarized state of the reflected light which prevails when the
distance between the surface of the optical disc and the flat
portion of the solid immersion lens 1s zero 1s detected. The so
detected light intensity 1s associated with the distance
between the optical disc surface and the solid immersion lens
to accurately detect the minute gap between the optical disc
and the solid immersion lens.

8 Claims, 6 Drawing Sheets
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OPTICAL PICKUP DEVICE AND
RECORDING AND/OR REPRODUCING
APPARATUS

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This application 1s a continuation of and 1s based upon and
claims the benefit of priority under 35 U.S.C. §120 for U.S.

Ser. No. 10/415,103, filed Apr. 30, 2003, and claims the
benelit of priority under 35 U.S.C. § 119 from a PC'T Appli-

cation No. PCT/JP02/08627, filed Aug. 27, 2002, the entire
contents of each which are incorporated herein by reference.

TECHNICAL FIELD

This invention relates to an optical pickup device for read-
ing out information signals recorded on an optical recording
medium, such as an optical disc, and to a recording and/or
reproducing apparatus provided with this optical pickup
device. More particularly, 1t relates to an optical pickup
device and a recording and/or reproducing apparatus config-
ured for controlling the distance between an objective lens of
the optical pickup device and an optical recording medium.

BACKGROUND ART

Currently, a large variety of optical recording mediums are
in use. Typical of these are optical discs, such as a CD (Com-
pact Disc) or a DVD (Diagital Versatile Disc), and magneto-
optical discs. The information signals, recorded on the optical
disc of this type, are read out by condensing the light beam,
radiated by a light source, provided 1n the optical pickup
device, by an objective lens, 1lluminating the light beam to a
signal recording surface of the optical disc and by detecting
the light beam retlected back from the signal recording sur-
face by a photodetector. It 1s noted that the information sig-
nals, recorded on the CD or on the DVD, are read out by
detecting changes 1n reflectivity of the light beam, retlected
back from the signal recording surface, by the photodetector.
In the case of the magneto-optical disc, the information sig-
nals are read out by detecting the Kerr rotation of the light
beam reflected from the signal recording surface of the disc.

The information signals recorded on the above-described
optical disc are read out at least as the objective lens condens-
ing the light beam radiated from the light source 1s kept out of
contact with the optical disc.

The light spot of the light beam, condensed on the signal
recording surface of the optical disc by the objective lens of
the optical pickup device, 1s approximately given by A/NA,
where A 1s the wavelength of the 1lluminated light beam and
NA 1s the numerical aperture. The resolution 1s also propor-
tionate to this value.

Meanwhile, the following equation holds for NA:

NA=p=s1n 6

where n 1s the refractive index of the medium and 9 1s the
angle of the ambient light incident on the objective lens.

If the medium 1s air, the value of NA cannot exceed 1
(unity). As a technique for a case in which this limit value 1s
exceeded, an optical pickup device employing a solid immer-
sion lens has been proposed (I. Ichimura et al., ?Near-Field

Phase-Change Optical Recording of 1.36 Numerical Aper-
ture=, Jpn. J. Appl. Phys. vol. 39, 962-9677, 2000).

The solid immersion lens 1s formed of a material of the
same refractive mdex as the optical disc substrate, and 1s
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2

made up by a spherical portion, forming a fraction of a sphere,
and a flat portion facing the optical disc surface. The solid
immersion lens, used 1n an optical pickup device, 1s used as
the flat portion kept extremely close to the optical disc sur-
face. The boundary surface between this solid immersion lens
and the optical disc 1s traversed by an evanescent wave. It 1s
this evanescent wave that reaches the signal recording surface
of the optical disc.

When the information signals, recorded on the optical disc,
are read out using this optical pickup device, a suitable gap
needs to be provided between the rotationally driven optical
disc and the solid immersion lens forming the objective lens.
Since the gap as the air layer 1s provided between the optical
disc and the solid immersion lens, an evanescent wave must
be used 1n order to make the numerical aperture (NA) of the
objective lens larger than 1 (unity). The evanescent wave 1s
attenuated exponentially as from the boundary surface. It 1s
therefore necessary that the gap between the optical disc and
the solid immersion lens shall be of an extremely small value
on the order of one-tenth of the light emission wavelength A of
the light source provided on the optical pickup device, while
it 1s necessary that the solid immersion lens shall be close to
the signal recording surface.

For controlling the gap 1n this manner, a servo method has
so far been proposed 1n which an electrode 1s formed on the
surface of the solid immersion lens, the capacitance across the
clectrode and the optical disc 1s detected to derive a gap error
signal, and in which the distance between the solid immersion
lens and the optical disc 1s controlled based on this error
signal.

For implementing this method, it 1s necessary to form the
clectrode on the surface of the solid immersion lens and to
take out a signal line from this electrode to a controlling
circuit. This, however, complicates the apparatus to render the
manufacture of the optical pickup device difficult.

On the other hand, the present Applicant has already pro-
posed, 1 the specification and drawings of the Japanese
patent Application No. H10-249880, a method for detecting
the return light from a glass master disc and for using thus
return light as a gap error signal.

This method exploits the phenomenon 1n which, 11 the gap
between the solid immersion lens and the glass master disc 1s
zero, the solid immersion lens surface 1s contacted with a
transparent photoresist on the glass master disc, so that there
occurs no light reflection from the lens surface, however, 1f
the gap 1s not zero, the light totally reflected on the solid
immersion lens surface 1s returned, this light being used for
detecting the gap.

This method can be used when the glass master disc 1s used
and the photoresist for light exposure 1s transparent. This
method, however, cannot be used for a case 1n which a reflec-
tive film, such as an aluminum film, a phase change film or a
photomagnetic recording film, 1s formed on the disc surface,
as 1n an optical disc, because the light then undergoes retlec-
tion on the optical disc surtace, even though the gap between
the disc and the solid immersion lens 1s zero.

DISCLOSURE OF THE INVENTION

It 1s therefore an object of the present invention to provide
a novel optical pickup device and a recording and/or repro-
ducing apparatus capable of resolving the problems inherent
to the above-described conventional devices.

It 1s another object of the present ivention to provide an
optical pickup device whereby the minute gap between the
optical disc having a reflective film formed on 1ts surface and
the solid immersion lens can be detected accurately and
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whereby the gap between the optical disc and the solid
immersion lens can be controlled accurately. It 1s yet another
object of the present invention to provide a recording and/or
reproducing apparatus employing the optical pickup device
and a controlling method for controlling the gap.

For accomplishing these objects, the present invention pro-
vides an optical pickup device including an objective lens,
with a numerical aperture (NA) being not less than 1, having,
a solid immersion lens which 1s made up by a spherical
portion and a flat portion parallel to the surface of an optical
recording medium. The optical pickup device includes a light
source for illuminating a light beam of a preset polarized state
through the objective lens to the optical recording medium,
and photodetector means for detecting the component of the
light retlected back from the optical recording medium 1n the
polarized state perpendicular to the polarized state of the
reflected light which prevails when the distance between the
surface of the optical recording medium and the tlat portion of
the solid immersion lens 1s zero. The intensity of light
detected by the photodetector means 1s correlated with the
distance between the surface of the optical recording medium
and the flat portion of the solid immersion lens.

Preferably, the optical pickup device further includes driv-
ing means for causing movement of the solid immersion lens
in a direction towards and away from the optical recording
medium for varying the distance between the surface of the
optical recording medium and the flat portion of the solid
immersion lens, and controlling means for controlling the
driving means for controlling the position of the solid immer-
s1on lens in the direction towards and away from the optical
recording medium. The controlling means operates for main-
taining the intensity of light detected by the photodetector
means to a preset intensity for maintaining the distance
between the surface of the optical recording medium and the
flat portion of the solid immersion lens to a preset value.

The present mvention also provides a recording and/or
reproducing apparatus including medium holding means for
holding an optical recording medium, and an optical pickup
device including an objective lens, with a numerical aperture
(NA) being not less than 1, having a solid immersion lens
which 1s made up by a spherical portion and a tlat portion
parallel to the surface of an optical recording medium, held by
the medium holding means, a light source for 1lluminating a
light beam of a preset polarized state through the objective
lens to the optical recording medium, and photodetector
means for detecting the component of the light reflected back
from the optical recording medium in the polarized state
perpendicular to the polarized state of the reflected light
which prevails when the distance between the surface of the
optical recording medium and the flat portion of the solid
immersion lens 1s zero. The optical pickup device writes or
reads out information signals for the optical recording
medium. The recording and/or reproducing apparatus also
includes driving means for causing movement of the solid
immersion lens 1 a direction towards and away from the
optical recording medium for varying the distance between
the surface of the optical recording medium and the flat por-
tion of the solid immersion lens, and controlling means for
controlling the driving means for controlling the position of
the solid immersion lens in the direction towards and away
from the optical recording medium. The controlling means
operates for maintaining the intensity of light detected by the
photodetector means to a preset intensity for maintaining the
distance between the surface of the optical recording medium
and the flat portion of the solid immersion lens to a preset
value.
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The present invention also provides a gap detecting method
for detecting, 1n an optical pickup device including an objec-
tive lens, with a numerical aperture (NA) being not less than
1, having a solid immersion lens which 1s made up by a
spherical portion and a flat portion extending parallel to the
surface of an optical recording medium, the distance between
the tlat portion of the solid immersion lens and the surface of
the optical recording medium. The method includes 1llumi-
nating a light beam radiated from a light source of the optical
pickup device through the objective lens to the optical record-
ing medium 1n a preset polarized state, detecting, by photo-
detector means of the optical pickup device, the component of
the light beam retlected from the optical recording medium in
the polarized state perpendicular to the polarized state of the
reflected light which prevails when the distance between the
surface of the optical recording medium and the tlat portion of
the solid immersion lens, 1s zero, and correlating the intensity
of light detected by the photodetector means with the distance
between the surface of the optical recording medium and the
flat portion of the solid immersion lens for detecting the
distance between the surface of the optical recording medium
and the flat portion of the solid immersion lens.

The present ivention also provides a controlling method
for controlling, in an optical pickup device including an
objective lens, with a numerical aperture (NA) being not less
than 1, having a solid immersion lens which 1s made up by a
spherical portion and a flat portion parallel to the surface of an
optical recording medium, the distance between the flat por-
tion of the solid immersion lens and the surface of the optical
recording medium, to a preset value. The method includes
illuminating a light beam radiated from a light source of the
optical pickup device through the objective lens to the optical
recording medium 1n a preset polarized state, detecting, by
photodetector means of the optical pickup device, the com-
ponent of the light beam reflected from the optical recording
medium 1n the polarized state which 1s perpendicular to the
polarized state of the reflected light which prevails when the
distance between the surface of the optical recording medium
and the flat portion of the solid immersion lens 1s zero, mov-
ing the solid immersion lens 1n a direction towards and away
from the optical recording medium, with use of dniving
means, for varying the distance between the surface of the
optical recording medium and the tlat portion of the solid
immersion lens, and controlling the driving means, using
controlling means, for controlling the position of the solid
immersion lens in the direction towards and away from the
optical recording medium. The controlling means operates
for maintaining the mtensity of light detected by the photo-
detector means to a preset intensity for maintaining the dis-
tance between the surface of the optical recording medium
and the flat portion of the solid immersion lens to a preset
value.

Other objects, features and advantages of the present
invention will become more apparent from reading the
embodiments of the present invention as shown 1n the draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a side view showing the structure of an optical
pickup device according to the present invention.

FIG. 2A 1s a graph showing the distribution of an X-com-
ponent of the electrical field of an incident light beam on an
optical disc 1n the optical pickup device, and FIG. 2B 1s a
graph showing the distribution of a Y-component thereof.

FIGS. 3A and 3B are each longitudinal cross-sectional
views showing the state in which a solid immersion lens
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forming the objective lens of the optical pickup device 1s 1n
intimate contact with the optical disc surface.

FIGS. 4A and 4B are each graphs showing the distribution
of return light from the optical disc when the solid immersion
lens of the optical pickup device 1s in intimate contact with the
optical disc surface.

FIG. 5 15 a longitudinal cross-sectional view showing the
state 1n which the solid immersion lens of the optical pickup
device 1s spaced apart from the optical disc surface.

FIGS. 6A and 6B are each graphs showing the distribution
of return light from the optical disc when the solid immersion
lens of the optical pickup device 1s spaced apart from the
optical disc surface.

FIG. 7 1s graph showing the relationship between the dis-
tance between the solid immersion lens of the optical pickup
device and the optical disc surface and gap error signals.

FI1G. 8 1s a block diagram showing an optical pickup device
and a recording and/or reproducing apparatus employing the
optical pickup device according to the present invention.

FI1G. 9 15 a side view showing a modification of the optical
pickup device according to the present invention.

FI1G. 10 1s a side view showing a further modification of the
optical pickup device according to the present invention.

FIG. 11 1s a longitudinal cross-sectional view showing the
state 1n which the solid immersion lens of the optical pickup
device shown in FIG. 10 1s 1n intimate contact with the optical
disc surface.

FIGS. 12A and 12B are each graphs showing the distribu-
tion of the return light from the optical disc when the solid
immersion lens of the optical pickup device shown in FI1G. 10
1s 1n ntimate contact with the optical disc.

FIGS. 13A and 13B are each graphs showing the distribu-
tion of the return light from the optical disc when the solid
immersion lens of the optical pickup device shown in FI1G. 10
1s spaced apart from the optical disc.

FIG. 14 1s a graph showing the relationship between the
distance between the solid immersion lens of the optical
pickup device shown 1n FIG. 10 and the optical disc surface
and the gap error signals.

BEST MODE FOR CARRYING OUT TH.
INVENTION

(L]

Referring to the drawings, certain preferred embodiments
of the present invention will be explained 1n detail.

Referring to FIG. 1, an optical pickup device according to
the present invention comprises an objective lens 2 including,
a solid immersion lens 1, with the numerical aperture (NA)
being not less than 1. The solid immersion lens 1 includes a
spherical surface portion 1a forming a portion of a sphere and
a flat portion 15 facing a surface 101a of an optical disc 101
parallel thereto.

A distance (gap) G, between the tlat portion 15 of the solid
immersion lens 1 forming the objective lens 2 and the surface
101a of the optical disc 101 as an optical recording medium 1s
controlled, by control means provided in the optical pickup
device according to the present invention, so as to be a dis-
tance G, on the order of one-tenth of the wavelength A of a
light beam radiated from a semiconductor laser 3 as a light
source. The optical pickup device of the present mvention,
controlled 1 this manner, 1s used for a recording and/or
reproducing apparatus, employing an optical disc as a record-
ing medium. In this recording and/or reproducing apparatus,
the distance or gap G, between the flat portion 15 of the solid
immersion lens 1 forming the objective lens 2 and the surface
101a of the optical disc 101 1s controlled to be within a preset
range.
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The optical pickup device according to the present inven-
tion detects the component of the light, which 1s radiated from
a semiconductor laser 3, illuminated on the optical disc 101
and retlected from the reflective surface of the optical disc
101, and which 1s 1n a polarnized state perpendicular to the
polarized state of the reflected light which prevails when the
distance or gap (G, between the surface 101a of the optical
disc 101 and the flat portion 15 of the solid immersion lens 1,
1s zero, thereby producing a gap error signal associated with
the distance G, between the surface 101a of the optical disc
101 and the flat portion 15 of the solid immersion lens 1.

That 1s, with the optical pickup device according to the
present invention, a light beam L, radiated from the semi-
conductor laser 3, 1s collimated by a collimator lens 4 to fall
on a beam splitter 5. The wavelength of the light beam L,
radiated from the semiconductor laser 3, 1s e.g., 40 nm. The
light beam L, radiated from the semiconductor laser 3, 1s
transmitted through the beam splitter 5 to fall on a polarized
beam splitter 6. The light beam L, radiated from the semi-
conductor laser 3, 1s the P-polarized light with respect to the
reflective surface of the polarized beam splitter 6, and 1s
transmitted through this reflective surface and through the
polarized beam splitter 6.

The light beam L |, transmaitted through the polarized beam
splitter 6, 1s transmitted through a quarter wave (A/4) plate 7,
having its crystal axis tilted 45E relative to the direction of the
incident polarized light, and 1s thereby turned into the circular
polarized light. This circular polanized light then falls on a
light condensing lens 8, which forms the objective lens 2
along with the solid immersion lens 1. The light condensing
lens 8 converges the incident light beam to cause the con-
verged light to fall on the solid immersion lens 1. With this
solid immersion lens 1, a converged light point 1s formed 1n
the vicinity of the flat portion 15 lying proximate and parallel
to the surface 101a of the optical disc 101. The solid immer-
sion lens 1 has a refractive index of 1.8, as an example.

The light beam L,, condensed by the objective lens 2,
having the solid immersion lens 1, 1s condensed as an eva-
nescent wave on the signal recording surface 101a of the
optical disc 101. The numerical aperture (NA) of the objective
lens 2 1n this case 1s on the order of 1.36.

The optical pickup device of the present invention 1s used
for reproducing information signals recorded on an optical
disc, on which the information signals have been recorded by
a pit pattern of lands and grooves, or on an optical disc, on
which the information signals have been recorded by exploit-
ing the phase change. That 1s, the light beam L |, radiated from
the semiconductor laser 3 provided in the optical pickup
device and condensed by the objective lens 2 so as to be
1lluminated on the signal recording surface of the optical disc
101, 1s reflected by this signal recording surface so as to be
again incident on the objective lens 2. A light beam L.,
reflected back from the signal recording surface of the optical
disc 101, 1s reflected 1n a variable fashion, depending on e.g.,
the presence or absence of the pit pattern formed on the signal
recording surface of the optical disc 101, so as to be again
incident on the objective lens 2. The retlected light L., 1nci-
dent on the objective lens 2, 1s transmitted through the objec-
tive lens 2 and the A/4 plate 7 to fall on the polarized beam
splitter 6.

The retlected light L., retlected back from the optical disc
101 towards the objective lens 2, 1s transmitted through the
M4 plate 7 so as to be thereby turned from the circular polar-
ized light into the linear polarized light. The direction of
polarization 1n this case 1s perpendicular to the direction of
polarization of the light beam L, radiated from the semicon-
ductor laser 3. Consequently, the reflected light L., retlected
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back from the optical disc 101, 1s the S-polarized light with
respect to the reflective surface of the polarized beam splitter
6. This light beam 1s reflected by the reflective surface and
separated from the optical path of the return light to the
semiconductor laser 3 so as to be incident on a first detector 9
adapted for detecting the information signals recorded on the
optical disc 101. The first detector 9 outputs a detection sig-
nal, corresponding to the information signals recorded on the
optical disc 101, from the detected retlected light L,.

In the optical pickup device of the present invention, the
light beam L, , radiated from the semiconductor laser 3, 1s the
linear polarized light having, on a plane A intermediate
between the beam splitter S and the polarized beam splitter 6,
only the component of the electrical field of the X-direction,
as shown 1n FIG. 2A, but not having the component of the
electrical field of the Y-direction, as shown 1n FIG. 2B.

The solid immersion lens 1, forming the objectivelens 2, in
the optical pickup device according to the present mnvention,
1s 1n ntimate contact with the phase change type recording
layer or the reflective film, formed on the surface of the
optical disc 101, when the flat portion 15 thereof 1s 1n intimate
contact with the surface 1014 of the optical disc 101.

That 1s, with the optical disc 101, having a phase change
type recording layer 107, a first 510, layer 104, a GeSble
layer 105 and a second S10, layer 106 are sequentially depos-
ited on an aluminum layer 103, as a reflective layer, deposited
on a substrate 102, formed of synthetic resin or glass, to form
the recording layer 107, as shown 1n FIG. 3A. When the solid
immersion lens 1, forming the objective lens 2, 1s 1n intimate
contact with the surface of the phase change optical disc 101,
the flat portion 15 of the solid immersion lens 1 1s 1n intimate
contact with the phase change type recording layer 107, as
shown 1n FIG. 3A.

On the other hand, with the optical disc 101, having infor-
mation signals recorded by a pit pattern on one surface of a
substrate 110, formed of synthetic resin or glass, a reflective
film 111 of aluminum 1s formed to overlie the pit pattern
formed on one surtface of the substrate 110, as shown 1n FIG.
3B. In the case of the optical disc, on which information
signals have been recorded by this pit pattern, when the solid
immersion lens 1, forming the objective lens 2, 1s 1n intimate
contact with the surface of the optical disc 101, the flat portion
15 of the solid immersion lens 1 1s 1n intimate contact with the
reflective film 111, as shown 1n FIG. 3B.

When the flat portion 15 of the solid immersion lens 1,
forming the objective lens 2, 1s 1n intimate contact with the
surface 101a of the optical disc 101, as shown in FIGS. 3A
and 3B, substantially the totality of reflected light from the
optical disc 101 1s reciprocated through the A/4 plate 7, so that
the direction of polarization of the light 1s rotated 90E. Thus,
on a plane B, directly ahead of the first detector 9, the light
incident thereon has a distribution approximately equal to the
distribution of the light beam L, radiated from the semicon-
ductor laser 3, as shown 1n FIG. 4A. The retlected light L,
from the optical disc 101 1s scarcely returned at this time to
the plane A lying intermediate the beam splitter 5 and the
polarized beam splitter 6, as shown 1n FIG. 4B.

When the solid immersion lens 1 1s separated a preset
distance D, from the surface 101a of the optical disc 101, as
shown 1n FIG. 5, the light collected 1n the vicinity of the flat
portion 15 of the solid immersion lens 1 and which 1s incident
at an angle exceeding the critical angle 1n the flat portion 156
(refractive mndex of the solid immersion lens nsil H sin(inci-
dent angle)>1) 1s totally retlected on the flat portion 15.

When the light L,, totally reflected on the flat portion 15 of
the solid immersion lens 1, 1s totally reflected in this manner
on the flat portion 15, 1ts direction of polarization undergoes
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delicate rotation. Thus, the light L, totally reflected by the tlat
portion 15 of the solid immersion lens 1, contains a polarized
light component which 1s perpendicular to the retlected light
L., that 1s produced when the flat portion 15 of the solid
immersion lens 1 1s 1n intimate contact with the surtface 101qa
of the optical disc 101. Consequently, the distribution of the
return light on the plane A, which 1s the plane intermediate the
beam splitter 5 and the polarized beam splitter 6, 1s such a one
which will be produced when only the rim portion of the light

beam L, radiated from the semiconductor laser 3 1s returned,
as shown 1n FIG. 6A.

Thus, the light returned to the plane A intermediate
between the beam splitter 5 and the polarized beam splitter 6,
1s reflected by the reflective surface of the beam splitter 5, so
as to be recetved by a second detector 10, which 1s used for
producing a gap error signal, as shown 1n FIG. 1. This gap

error signal 1s associated with the distance D, between the flat
portion 15 of the solid immersion lens 1 and the surface 101a
of the optical disc 1.

The distribution of the return light on the plane B, directly
ahead of the first detector 9, 1s such a one 1n which the rim
portion of the light beam L, radiated from the semiconductor
laser 3 1s lacking, as shown 1n FIG. 6B.

The relationship between the volume of light received by
the second detector 10 and the distance (air gap) D, between
the flat portion 15 of the solid immersion lens 1 and the
surface 101a of the optical disc 101 1s such that, if, as shown
in FIG. 7, the position of the solid immersion lens 1 1n the
direction towards and away from the optical disc 101 1s con-
trolled so that the light volume on the second detector 10 wall
be maintained at a ratio o1 0.2 with respect to the incident light

volume, the distance D, (air gap) may be kept at one-tenth of
the wavelength A of the light beam used.

The optical pickup device of the present invention includes
a control device for maintaining the distance D, between the
surface 101a of the optical disc 101 and the flat portion 15 of
the solid immersion lens 1 at a preset value. This control
device includes a voice coil motor 20, forming a driving
mechanism for causing movement of the solid immersion
lens 1 1n a direction towards and away from the optical disc
101, a driving circuit 21 for driving the motor 20 and a control
circuit 22 forming a controller for controlling the driving
circuit 21, as shown 1n FIG. 8. The driving circuit 21 drives the
voice coil motor 20 to control the distance D, between the
surface 111a of the optical disc 101 and the flat portion 15 of
the solid immersion lens 1. The control circuit 22 causes the
driving circuit 21 to control the position of the solid immer-
sion lens 1 1n a direction towards and away from the optical
disc 101, indicated by arrows Y1 and Y2 1n FIG. 8, to maintain
the intensity of light detected by the second detector 10 at a
preset intensity, thereby performing control to maintain the
distance D, between the surface 101a of the optical disc 101
and the flat portion 15 of the solid immersion lens 1 at a preset
value.

For maintaining the light intensity, as detected by the sec-
ond detector 10, at a preset value, the output signal of the
second detector 10 1s compared by a comparator 23 to a preset
reference value. For determining this reference value, the
tollowing methods may be used.

The first method 1s such a one 1n which an average value of
an output of the second detector 10 when the surface 101a of
the optical disc 101 1s in intimate contact with the tlat portion
15 of the solid immersion lens 1, that 1s when the distance D,
between the surface 101a of the optical disc 101 and the flat
portion 15 of the solid immersion lens 1 1s zero, and an output
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of the second detector 10 when the distance D, between the
surface 101a and the flat portion 15 1s suiliciently large, 1s
used as the reference value.

The second method 1s such a one 1n which the distance D,
between the surface 101a of the optical disc 101 and the flat
portion 15 of the solid immersion lens 1 1s measured by
another suitable method and the correlation between the mea-
sured value and the output of the second detector 10 1s found
to determine an output corresponding to the preset distance
D for use as the reference value.

The third method 1s such a one 1n which one-half of the
output of the second detector 10 in case the distance D,
between the surface 101a of the optical disc 101 and the flat
portion 15 of the solid immersion lens 1 1s sufficiently large 1s
used as the reference value.

Referring to FIG. 8, a recording and/or reproducing appa-
ratus according to the present ivention, employing the
above-described optical pickup device, includes a reproduc-
ing circuit (reproducing block) 24 for maintaining a preset
position relationships between the optical disc 101 and the
optical pickup device, by providing a supporting mechanism
tor supporting the optical disc 101, and for processing signals
output from the optical pickup device, a recording circuit
(recording block) 25 for processing signals recorded on the
optical disc 101 by this optical pickup device, and a control
circuit 22 for controlling the optical pickup device. When the
optical disc 101 1s used as the optical recording medium, the
supporting mechanism is a spindle mechanism 26 including a
spindle motor holding the center portion of and rotationally
driving the optical disc.

When the optical pickup device according to the present
invention 1s used 1n conjunction with a magneto-optical disc
130, as an optical recording medium, the light beam L,,
radiated from the semiconductor laser 3, 1s condensed on the
signal recording surface of the magneto-optical disc 130,
alter passing through the collimator lens 4, polarized beam
splitter 6, beam splitter 5, light condensing lens 8 and the solid
immersion lens 1, as shown in FIG. 9. In the present optical
pickup device, no A/4 plate 1s provided on the forward optical
path on which the light beam L, radiated from the semicon-
ductor laser 3 travels to fall on the magneto-optical disc 130.

The reflected light L, reflected back from the magneto-
optical disc 130, 1s separated by the beam splitter 5 and 1s then
transmitted through a A/2 plate 11, operating as a rotatory
polarizer, whereby the direction of polarization 1s rotated
45E. The resulting light then 1s incident on a second polarized
beam splitter 12. The A/2 plate 11 1s arranged with 1ts optical
axis tilted at an angle of 22.3EF relative to the direction of
polarization of the incident linear polarized light.

When reflected by the signal recording surface of the mag-
neto-optical disc 130, the reflected light L., incident on the
second polarized beam splitter 12, 1s separated 1n dependence
upon the Kerr rotating angle resulting from the photomag-
netic effect so as to be received by a first detector 13 and a
second detector 14 for generating photomagnetic signals. A
difference signal between the output signals of the first and
second detectors 13, 14, which becomes zero when the
reflected light L, 1s not subjected to Kerr rotation, 1s detected
as an output corresponding to the Kerr rotation angle, gener-
ated 1n the reflected light L, so as to be used as a photomag-
netic signal.

The return light L, for producing a gap error signal,
reflected back from the flat portion 15 of the solid immersion
lens 1, 1s transmitted through the beam splitter 5 and returned
to the polarized beam splitter 6. The return light 1s then
reflected by the polarized beam splitter 6 and received by the
third detector 10 used for producing the gap error signal.
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I the magneto-optical disc 130 1s used as an optical record-
ing medium, the optical pickup device according to the
present invention may be designed so that the light beam L,
radiated from the semiconductor laser 3 1s condensed on the
signal recording surface of the magneto-optical disc 130 after
passing through the collimator lens 4, beam splitter 5, con-
densing lens 8 and the solid immersion lens 1, as shown 1n
FIG. 10.

The light beam L, illuminated on the signal recording
surface of the magneto-optical disc 130, 1s reflected by this
signal recording surface and proves to be a return light beam
L., which 1s reflected by the beam splitter 5 and separated by
a second beam splitter 15 into two light beams L., and L<. The
light beam L ,, transmitted through the second beam splitter
15, 1s transmitted through the A/2 plate 11 and has 1ts direction
ol polarization rotated 45E to fall on the polarized beam
splitter 12. The A/2 plate 11 1s mounted at an angle of tilt of
22.5E with respect to the direction of the incident linear
polarized light.

When reflected on the signal recording surface of the mag-
neto-optical disc 130, the light incident on the polarized beam
splitter 12 1s separated, 1n dependence upon the Kerr rotation
angle produced under the photomagnetic effect, so as to be
received by the first and second detectors 13 and 14, adapted
for producing photomagnetic signals: A difference signal
between the output signals of the first and second detectors
13, 14, which becomes zero when the reflected light 1s not
subjected to Kerr rotation, 1s detected as an output corre-
sponding to the Kerr rotation angle generated 1n the reflected
light, so as to be used as a photomagnetic signal.

The light beam reflected by the second beam splitter 15 1s
incident on a second polarized beam splitter 16. A fraction of
this light beam, used for obtaining the gap error signal, and
which has been returned from the flat portion of the solid
immersion lens 1, 1s reflected by the second polarized beam
splitter 16 so as to be recerved by the third detector 10
designed for producing the gap error signal.

In the present optical pickup device, as 1n the optical sys-
tem shown i FIG. 1, the state of polarization of the light
incident on the beam splitter 5 1s such that the incident light 1s
the linear polarized light having only the electrical field com-
ponent in the X -direction, as shown in FI1G. 2A, but not having
the electrical field component 1n the Y-direction, as shown in
FIG. 2B. The respective beam splitters 5, 15 transmit and
reflect equal amounts of the polarized light components 1n the
X- and Y-directions.

When the optical pickup device shown 1 FIG. 10 15 used
for the optical disc 101 having the phase change type record-
ing layer, the flat portion 15 of the solid immersion lens 1
forming the objective lens 2 1s intimately contacted with the
surface 101a of the optical disc 101. The flat portion 15 of the
solid immersion lens 1 1s intimately contacted at this time
with a recording layer 117, formed on one surface of a sub-
strate 112 of the optical disc 101, as shown 1n FIG. 11. The
recording layer 117, provided on the optical disc 101, shown
in FIG. 11, 1s formed by sequentially layering a first S10,
layer 114, a TeFeCo layer 115 and a second S10, layer 116, on
an aluminum layer 113, provided on a substrate 112 of syn-
thetic resin or glass, for forming a reflective film.

When the flat portion 15 of the solid immersion lens 1 of
the optical pickup device, shown 1 FIG. 10, 1s intimately
contacted with the surface 101a of the optical disc 101, the
distribution of the return light on the plane B, which the light
reaches after transmission through the second polarized beam
splitter 16, 1s approximately equal to that of the outgoing light
from the semiconductor laser 3, as shown in FIG. 12A. There
1s scarcely any light returned from the optical disc 101 to the
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plane C which lies directly ahead of the third detector 10 on
which falls the light reflected by the second polarized beam
splitter 16, as shown 1n FI1G. 12B. Thus, when the flat portion
15 of the solid immersion lens 1 1s 1n intimate contact with the
surface 101a of the optical disc 101, the return light on the
plane C 1s practically nil, such that the reflected light scarcely
reaches the third detector 10.

When the solid immersion lens 1 1s separated from the
optical disc 101, the light collected 1n the vicinity of the flat
portion 15 of the solid immersion lens 1 and which 1s incident
at an angle exceeding the critical angle 1n the flat portion 156
(refractive mndex of the solid immersion lens nsil H sin(inci-
dent angle)>1) 1s totally reflected on the flat portion 15, as
shown 1n FIG. §.

When the light totally reflected on the tlat portion 15 of the
solid immersion lens 1 1s totally reflected 1n this manner on
the flat portion 15, its direction of polarization undergoes
delicate rotation. Thus, the light, totally reflected by the flat
portion 15 of the solid immersion lens 1, contains a polarized
light component which 1s perpendicular to the reflected light
that 1s produced when the flat portion 15 of the solid immer-
sion lens 1 1s intimately contacted with the surface 101a of the
optical disc 101. Consequently, the distribution of the return
light on the plane C, lying directly ahead of the third detector
10, on the path of light reflected by the second polarized beam
splitter 16 to fall on the third detector 10, 1s such a one 1n
which part of the rim of the light beam has been returned, as
shown in FIG. 13B.

The light returned to the plane C 1n this manner 1s received
by the third detector 10, adapted for producing the gap error
signal. This gap error signal 1s a signal associated with the
distance D, between the flat portion 15 of the solid immersion
lens 1 and the surface 101a of the optical disc 101.

Atthis time, the light distribution on the plane B, which the
light transmitted through the second polarized beam splitter
16 reaches, 1s such a one 1n which the portion corresponding
to the rim of the light beam 1s lacking, as shown in FIG. 13A.

As for the relationship between the light volume received
by the third detector 10 and the distance D, (air gap) between
the flat portion 15 of the solid immersion lens 1 and the
surface 110q of the optical disc 101, the distance D, (air gap)
can be maintained to one-tenth of the wavelength by control-
ling the position along the direction towards and away from
the optical disc 101 of the solid immersion lens 1, as shown in
FIG. 14, so that the light volume on the third detector 10 will
be maintained at one-tenth of the incident light volume.

In the above-described respective optical pickup devices,
the explanation on the optical system for tracking error detec-
tion 1s omitted. However, any suitable optical systems for
tracking error detection may be provided to detect tracking,
error signals to effect tracking error control for the objective
lens.

INDUSTRIAL APPLICABILITY

As described above, the present invention provides an opti-
cal pickup device having an objective lens, with the numerical
aperture not less than 1, including a solid immersion lens
having a spherical portion and a flat portion parallel to the
surface of an optical recording medium, 1n which the compo-
nent of the reflected light 1n the polanized state from the
optical recording medium which 1s perpendicular to the
polarized state of the reflected light which prevails when the
distance between the surface of the optical recording medium
and the flat portion of the solid immersion lens 1s zero, 1s
detected, and the distance between the surface of the optical
recording medium and the tlat portion of the solid immersion
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lens 1s detected from the detected light intensity, so that the
minute gap between the optical recording medium and the
solid immersion lens can be detected accurately.

The mnvention claimed 1s:

1. An optical pickup device including an objective lens,
with a numerical aperture (NA) not being less than 1, having
a solid immersion lens which has a spherical portion and a flat
portion parallel to the surface of an optical recording medium,
said optical pickup device comprising:

a light source configured to i1lluminate a light beam of a
preset polarized state through said objective lens to said
optical recording medium; and

a photodetector configured to detect the component of the
light retlected back from said optical recording medium
in the polarized state perpendicular to the polarized state
of the retlected light which prevails when the distance
between the surface of said optical recording medium
and said flat portion of said solid immersion lens 1s zero,
the itensity of light detected by said photodetector
being associated with the distance between the surface
of said optical recording medium and said tlat portion of
said solid immersion lens.

2. The optical pickup device according to claim 1 further

comprising;

an actuator configured to cause movement of said solid
immersion lens in a direction towards and away from
said optical recording medium to vary the distance
between the surface of the optical recording medium and
said flat portion of said solid immersion lens; and

controlling circuitry configured to control said actuator for
controlling the position of said solid immersion lens 1n
the direction towards and away from said optical record-
ing medium, said controlling circuitry maintaining the
intensity of light detected by said photodetector to a
preset intensity for maintaining the distance between the
surface of the optical recording medium and the flat
portion of the sold immersion lens to a preset value.

3. A recording and/or reproducing apparatus comprising:

a medium holding device configured to hold an optical
recording medium;

an optical pickup device including an objective lens, with a
numerical aperture (NA) not being less than 1, having a
solid immersion lens which has a spherical portion and a
flat portion extending parallel to the surface of an optical
recording medium, held by said medium holding device,
a light source for illuminating a light beam of a preset
polarized state through said objective lens to said optical
recording medium, and a photodetector configured to
detect the component of the light reflected back from
said optical recording medium 1n the polarized state
perpendicular to the polarized state of the retlected light
which prevails when the distance between the surface of
said optical recording medium and said flat portion of
said solid immersion lens 1s zero, said optical pickup
device writing or reading out information signals for
said optical recording medium:;

an actuator configured to cause movement of said solid
immersion lens in a direction towards and away from
said optical recording medium to vary the distance
between the surface of the optical recording medium and
said flat portion of said solid immersion lens; and

controlling circuitry configured to control said actuator for
controlling the position of said solid immersion lens 1n
the direction towards and away from said optical record-
ing medium, said controlling circuitry maintaining the
intensity of light detected by said photodetector to a
preset intensity for maintaining the distance between the
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surface of the optical recording medium and the flat controlling said actuator for controlling the position of said
portion of the solid immersion lens to a preset value. solid immersion lens
4. The optical pickup device according to claim 1, further in a direction towards and away from said optical recording,
comprising: medium, and maintaining the intensity of light detected by
a second photodetector configured to detect the informa- 5 said photodetector to a preset intensity for maintaining the
tion signal recorded on the optical recording medium distance between the surface ot the optical recording medium
and output a detection signal corresponding to the infor- and the flat portion of the sold immersion lens to a preset
mation signals recorded on the optical recording value.
medium. 8. A method of detecting a distance between two objects,

5. The optical pickup device according to claim 3, further 10 comprising:

comprising; B _ holding an optical recording medium,;
d 39_90114 photodetector CONLZUL e@ to detect t'he mfor%na- illuminating a light beam of a preset polarized state
tion signal recorded on the optical recording medium through an objective lens of an optical pickup device to

and output a dflatectlon iigélal corr flalspondlpglto the 1rafpr - said optical recording medium, the objective lens having
mation signals recorded on the optical recording 15 a numerical aperture (NA) not less than 1 and having a

6 il@dll;.ﬁl. 4 of detect it hot o ohiect solid immersion lens which has a spherical portion and a
-4 OGO ACECLNE a4 QISTANCE DEIWECL B0 ODJECLS, flat portion extending parallel to a surface of the optical
comprising:

. e . . recording medium;
illuminating a light beam of a preset polarized state S

through an objective lens of an optical pickup device to 20
an optical recording medium, the objective lens has a
numerical aperture (NA) not less than 1 and includes a
solid immersion lens which has a spherical portion and a
tlat portion parallel to a surface of the optical recording
medium; 25
detecting a component of light retlected back from said
optical recording medium 1n the polarized state perpen-
dicular to the polarized state of the reflected light which
prevails when the distance between the surface of said
optical recording medium and said flat portion of said 30
solid 1immersion lens i1s zero, the intensity of light

detecting a component of light retlected back from said
optical recording medium in the polarized state perpen-
dicular to the polarized state of the reflected light which
prevails when a distance between the surface of said
optical recording medium and said flat portion of said
solid immersion lens 1s zero, said optical pickup device
writing or reading out information signals for said opti-
cal recording medium;

moving of said solid immersion lens 1n a direction towards
and away from said optical recording medium to vary
the distance between the surface of the optical recording
medium and said flat portion of said solid immersion

detected by said photodetector being associated with the lens; and

distance between the surface of said optical recording controlling said actuator for controlling the position of said

medium and said flat portion of said solid immersion solid immersion lens 1n the direction towards and away

lens. 35 from said optical recording medium, and maintaining
7. The method of claim 6, further comprising: the intensity of light detected by said photodetector to a
moving said solid immersion lens in a direction towards preset intensity for maintaining the distance between the

and away from said optical recording medium to vary surface ot the optical recording medium and the flat

the distance between the surface of the optical recording portion of the solid immersion lens to a preset value.

medium and said flat portion of said solid immersion 40
lens; and ¥k % k%
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